Defining the molecular mechanisms that underlie development and maintenance of neuronal phenotypic diversity in the CNS is a fundamental challenge in developmental neurobiology. The vast majority of olfactory bulb (OB) interneurons are GABAergic and this neurotransmitter phenotype is specified in migrating neuroblasts by transcription of either or both glutamic acid decarboxylase 1 (Gad1) and Gad2. A subset of OB interneurons also co-express dopamine, but transcriptional repression of tyrosine hydroxylase (Th) suppresses the dopaminergic phenotype until these neurons terminally differentiate. In mature OB interneurons, GABA and dopamine levels are modulated by odorant-induced synaptic activitydependent regulation of Gad1 and Th transcription. The molecular mechanisms that specify and maintain the GABAergic and dopaminergic phenotypes in the OB are not clearly delineated. In this report, we review previous studies and present novel findings that provide insight into the contribution of epigenetic regulatory mechanisms for controlling expression of these neurotransmitter phenotypes in the OB. We show that HDAC enzymes suppress the dopaminergic phenotype in migrating neuroblasts by repressing Th transcription. In the mature interneurons, both Th and Gad1 transcription levels are modulated by synaptic activity-dependent recruitment of acetylated Histone H3 on both the Th and Gad1 proximal promoters. We also show that HDAC2 has the opposite transcriptional response to odorantinduced synaptic activity when compared to Th and Gad1. These findings suggest that HDAC2 mediates, in part, the activity-dependent chromatin remodeling of the Th and Gad1 proximal promoters in mature OB interneurons.
Dopamine GABA Tyrosine hydroxylase Glutamic acid decarboxylase Olfactory bulb Adult neurogenesis a b s t r a c t Defining the molecular mechanisms that underlie development and maintenance of neuronal phenotypic diversity in the CNS is a fundamental challenge in developmental neurobiology. The vast majority of olfactory bulb (OB) interneurons are GABAergic and this neurotransmitter phenotype is specified in migrating neuroblasts by transcription of either or both glutamic acid decarboxylase 1 (Gad1) and Gad2. A subset of OB interneurons also co-express dopamine, but transcriptional repression of tyrosine hydroxylase (Th) suppresses the dopaminergic phenotype until these neurons terminally differentiate. In mature OB interneurons, GABA and dopamine levels are modulated by odorant-induced synaptic activitydependent regulation of Gad1 and Th transcription. The molecular mechanisms that specify and maintain the GABAergic and dopaminergic phenotypes in the OB are not clearly delineated. In this report, we review previous studies and present novel findings that provide insight into the contribution of epigenetic regulatory mechanisms for controlling expression of these neurotransmitter phenotypes in the OB. We show that HDAC enzymes suppress the dopaminergic phenotype in migrating neuroblasts by repressing Th transcription. In the mature interneurons, both Th and Gad1 transcription levels are modulated by synaptic activity-dependent recruitment of acetylated Histone H3 on both the Th and Gad1 proximal promoters. We also show that HDAC2 has the opposite transcriptional response to odorantinduced synaptic activity when compared to Th and Gad1. These findings suggest that HDAC2 mediates, in part, the activity-dependent chromatin remodeling of the Th and Gad1 proximal promoters in mature OB interneurons.
© 2012 ISDN. Published by Elsevier Ltd. All rights reserved.
Introduction
The central nervous system is characterized by its large phenotypic diversity as defined by the partially overlapping expression patterns of neurotransmitters, neuroactive peptides, transmembrane receptors, ion channels and calcium binding proteins. Unique combinations of these molecular factors create distinct functional properties that are essential for the circuits in which specific neurons participate. Elucidating the regulatory mechanisms controlling the expression of genes that encode these molecular features is fundamental not only for understanding the normal Abbreviations: acH3, acetylated Histone H3; ChIP, chromatin immunoprecipitation; GABA, gamma aminobutyric acid; GAD, glutamic acid decarboxylase; HDAC, histone deacetylase; NRSE, neural restrictive silencer elements; OB, olfactory bulb; qPCR, quantitative polymerase chain reaction; RMS, rostral migratory stream; SVZ, subventricular zone; TH, tyrosine hydroxylase; TSA, trichostatin A.
* development of these circuits, but also for gaining insight into the etiology of nervous system diseases.
The main olfactory bulb (OB) is a well-established brain region to investigate molecular mechanisms that control development of neuronal phenotypic diversity. The OB is the initial processing center for odorant sensory information transduced by olfactory receptor neurons in the olfactory epithelium. Odorant information is relayed from olfactory receptor neurons to several cortical regions via mitral/tufted cells in the OB. Both olfactory receptor neurons and mitral/tufted cells have a glutamatergic neurotransmitter phenotype. Transmission of odorant information by these neurons is modulated by inhibitory GABAergic interneurons in the glomerular and granule cell layers of the OB (Fig. 1A) .
A distinguishing feature of the OB is that the interneurons are continuously generated throughout life. Most embryonic interneuron progenitors originate in the lateral ganglionic eminences, whereas post-natal and adult progenitors are generated within the subventricular zone (SVZ) of the lateral ventricles. In both the embryo and adult, progenitors migrate tangentially toward the OB through the rostral migratory stream (RMS) (Fig. 1B) . Once in the OB, progenitors migrate radially to their final positions, terminally differentiate and either successfully integrate in the circuitry or undergo apoptosis. Progenitor production in the mouse peaks approximately at post-natal day 4 and continues throughout
